Introduction
Surgical aortic valve replacement (SAVR) is the treatment of choice in patients with symptomatic severe aortic stenosis (AS) since, following symptom onset and without SAVR, this patient group has an average survival of only two to three years.(1) Some of these patients have not been offered conventional open heart surgery because of a high mortality risk rate due to age and comorbidities. Transcatheter aortic valve implantation (TAVI) has rapidly developed into a feasible alternative for treating these high risk patients with severe AS. (2) An abnormal longitudinal left ventricular (LV) function has been observed in AS patients before a decrease in LV ejection fraction (LVEF) has appeared.(3) Pulsed tissue Doppler imaging (TDI) has proven to be informative in a variety of cardiac disorders, with the potential of identifying a reduced longitudinal LV function before more established LV function parameters, such as EF, exhibit deterioration. (4, 5) RV function assessed by tricuspid annular motion decreases after open heart surgery and cardiopulmonary bypass. Pericardial disruption and myocardial ischemia have been hypothesized as explanations of this phenomenon. (6) (7) (8) The aim of this study was to determine changes in left and right ventricular global and longitudinal function in patients undergoing TAVI assessed by echocardiography and pulsed TDI. By matching a group of AS patients undergoing conventional aortic valve surgery, we also aimed to study whether the two procedures affect biventricular function differently.
Method

Patients
TAVI group
Between September 2008 and January 2010, 33 patients with severe symptomatic aortic stenosis were accepted for TAVI. These patients were assessed by a team of surgeons and cardiologists as not being candidates for conventional surgery, due to a high surgical risk or contraindications to AVR. Exclusion criteria were: an aortic annulus diameter of less than 18 mm, or more than 25 mm, or if life of a reasonable quality or duration of life was unlikely.
Preprocedural investigations included transthoracic and transesophageal echocardiography, coronary angiography, iliofemoral angiography and CT-scan of the aorta with 3D reconstruction. The transfemoral approach was the first choice of treatment and in the case of contraindications to this approach, the transapical approach was chosen.
SAVR patients
Seventeen AS patients, referred to our center for surgical aortic valve replacement, could be matched to 17 TAVI patients by gender, age (± 10 years) and LV function.
Echocardiography
All patients were examined by echocardiography (Vivid 7 ultrasound system, GE Vingmed Ultrasound, Horten, Norway) one day before their procedure and were re-examined eight weeks postprocedurally. Echocardiographic images were saved for off-line analysis and parameters were measured as recommended in the appropriate guidelines.(9, 10) LVEF was visually estimated by an experienced investigator according to a four-grade scale where normal systolic function corresponds to EF >50%, slightly reduced EF 40-50%, moderately reduced EF 30-39% and severely reduced <30%. LV mass was calculated by using the equation 0.8x(1.04x [LVEDD+PWTd+SWTd] 3 -LVEDD 3 )+0.6g and was indexed to body surface area (BSA). Left ventricular outflow tract (LVOT) dimension was measured from the parasternal long-axis view and LVOT area was calculated. Right and left atrial area was calculated by close outlining of the endocardial border in an apical 4-chamber view.
Using Doppler Echocardiography, peak aortic velocity, peak LVOT velocity, aortic and LVOT velocity time integral (VTI Ao and VTI LVOT ) and mean pressure gradient (∆P mean ) were determined. The effective orifice area (EOA) was calculated from the continuity equation:
EOA=(Area LVOT xVTI LVOT )/VTI Ao , and was indexed to BSA (iEOA). The presence and degree of aortic regurgitation and mitral regurgitation were recorded in all patients. Postprocedurally, aortic regurgitation was further evaluated as paravalvular or transvalvular. In the case of tricuspid regurgitation (TR), the peak TR velocity was inserted into the Bernoulli equation and the pressure gradient between the right atrium and right ventricle was estimated.
Peak velocities of early (E) and late (A) diastolic filling, E/A ratio, isovolumic relaxation time 
Results
TAVI Patients
Clinical Characteristics
Baseline characteristics and co-morbidities of the 33 TAVI patients are presented in table 1.
Because of extensive aortic or ilio-femoral vascular disease, transapical TAVI was the chosen procedure in 16 patients. The overall success rate was 100% for both the transapical and . Chronic atrial fibrillation was considered to be the most probable underlying cause of the stroke. In total, 25 patients were included in the follow up eight weeks after TAVI.
Aortic valve and prosthesis function
Preprocedurally the iEOA in the all-TAVI group was 0.3±0.1 cm 2 /m 2 . Mean pressure gradient, maximal aortic velocity and VTI Ao decreased significantly after TAVI (all p<0.001, see table 2). Postprocedurally a paravalvular leakage was observed in 60% (n=15) and a transvalvular leakage in 36% (n=9) of the TAVI patients, however, the highest observed degree of postoperative prosthesis insufficiency was mild.
Global LV function
Among the 25 TAVI patients who were included in the follow up, 19 (76 %) had an EF of 50 % or more before TAVI. At follow up, EF was unchanged but septal wall thickness and indexed LV mass had decreased significantly (see table 2 ).
Seven TAVI patients had a moderate mitral regurgitation (MR) preprocedurally. At follow up, there was a significant reduction of MR (p=0.024, table 2).
Longitudinal LV function
When considering all TAVI patients, AVPD Lateral (9±3 vs. 11±3 mm, p<0.001) and AVPD Septal had increased (6 ±2 vs. 7±3 mm, p=0.006) at follow up (figure 1). In addition, the PSV had increased significantly in the lateral and the septal walls; 5±2 vs. 6±3 cm/s, p=0.003 and 4±1
vs. 5±2 cm/s, p=0.002, respectively.
RV function
Postprocedurally, RV systolic and diastolic function measured by AVPD, é and á were unchanged in the TAVI group (table 3 and figure 2), while PSV RV had increased (8±2 vs.
10±3 cm/s, p=0.007). The change in RV long-axis function was independent of the decrease in RA-RV pressure difference.
Diastolic LV function
The classification of LV diastolic function, showed in figure 3 , was unchanged postoperatively. By TDI parameters, higher é-septal, á-septal and á-lateral velocities were observed postprocedurally (all p<0.03, Left atrial area had decreased from 28±7 cm 2 to 26±7 cm 2 , p=0.047 (table 2) . When analysing the change in left atrial area in patients with atrial fibrillation and sinus rhythm separately, a significant decline was only possible to detect in the atrial fibrillation group (p=0.047).
However in this group a majority of the patients had a moderate mitral insufficiency. 
The matched SAVR patients
Baseline characteristics are presented in table 1. Ten patients had undergone combined SAVR and coronary artery bypass surgery and seven patients isolated AVR. There were perioperative complications in three patients: two needing a pacemaker implant due to a third degree AV block and one needing blood transfusion due to bleeding. The preoperative iEOA was 0.4±0.1 cm 2 and the postoperative hemodynamic function of the prosthetic aortic valves, evaluated according to guidelines, was as expected for the prostheses used (table 2) .
TAVI patients vs. SAVR patients: Left and right ventricular function
Among the matched TAVI patients, there was a significantly increase of both AVPD and PSV Postoperatively, the RV function was unchanged among the matched TAVI patients. The SAVR patients, however, decreased both in AVPD and PSV. Although the TAVI patients had lower AVPD RV and PSV RV than the SAVR patients preprocedurally, there was no difference between the two groups after the procedure (figure 2).
With regard to the LV diastolic function classified after filling pattern, the TAVI patients had signs of more severely disturbed diastolic function, i.e. increased filling pressures, than SAVR patients, both pre-and postprocedurally ( figure 3 ). Also the average E/é was higher among the TAVI patients than the SAVR patients postprocedurally (20±9 vs. 13±6, p=0.041). E/é was unchanged in the SAVR group after surgery (p=0.093), while the TAVI patients decreased significantly (p=0.031). 
Discussion
LV diastolic function
Short-term follow up of diastolic function after TAVI has not been extensively studied earlier.
Although the LV diastolic classification based on filling patterns remained unchanged in the TAVI patients postprocedurally, the decrease of left atrial area and E/é could be interpreted as a reduction of LV filling pressure, however the latter continued to be elevated Our data suggest a more pronounced elevation of postoperative LV filling pressures in TAVI as compared to SAVR patients, despite a comparable EF. One reason could be that the TAVIpatients were, at first, not accepted for SAVR due to co-morbidities and therefore had a delay in receiving aortic valve intervention. Normalization of diastolic dysfunction after correction of AS takes years, and further follow up of data on LV diastolic function and filling pressures after TAVI is therefore of interest. (14) Limitations A majority of the SAVR patients had concomitant coronary bypass surgery and long axis function could have been affected by their coronary disease. On the other hand, an equal number of TAVI patients also had coronary disease and previous heart surgery in these patients may also have influenced their longitudinal function.
Conclusions
An improvement in LV systolic and diastolic function assessed by echocardiography and TDI could be seen already eight weeks after TAVI. Although the matched TAVI patients had significantly lower PSV Septal and PSV Lateral than did the SAVR patients, a similar reaction with increased LV longitudinal lateral function could be observed in both groups postprocedurally.
Postoperatively RV function assessed by tricuspid annular motion and PSV was unaffected or improved in the TAVI-patients: a more favorable alteration of RV function than the SAVR patients had. We conclude that patients with severe aortic stenosis and a high surgical risk profile have a favorable change in longitudinal LV and RV function eight weeks after TAVI. 
